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LIGHT EMITTING DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Republic of Korea
Patent Application No. 10-2020-0186538, filed on Dec. 29,

2020, which 1s hereby incorporated by reference in 1ts
entirety.

BACKGROUND
Field of Technology

The present disclosure relates to a light emitting display
device and a method of driving the same.

Discussion of the Related Art

The development of information technology has brought
the growth of the market for display devices, which are a
connection medium between users and information. Accord-
ingly, display devices such as a light emitting display (LED)
device, a quantum dot display (QDD) device, and a liquid
crystal display (LCD) device are increasingly used.

Such a display device includes a display panel including
sub-pixels, a driver that outputs a driving signal for driving
the display panel, and a power supply that generates power
to be supplied to the display panel or the driver.

In the display device, upon application of a driving signal,
for example, a scan signal and a data signal to sub-pixels on
the display panel, the selected sub-pixels transmit light or
directly emat light, thereby displaying an image.

Among the above-described display devices, a light emit-
ting display device advantageously has mechanical features
such as flexible implementation as well as electric and
optical features such as fast response, high brightness, and a
wide viewing angle. However, the light emitting display
device 1s yet to be further improved and thus requires
continuous research.

SUMMARY

Accordingly, the present disclosure 1s directed to a light
emitting display device and a method of dniving the same
that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

The present disclosure 1s intended to increase sensing
accuracy by compensating for deviations and variations
between sensing lines through impedance calibration and to
increase the performance and lifetime of a display panel by
fast detecting and compensating a sensing voltage.

Additional advantages, objects, and features of the inven-
tion will be set forth 1n part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the mnvention. The objectives and
other advantages of the disclosure may be realized and
attained by the structure particularly pomnted out in the
written description and claims hereolf as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, a light emitting display device
includes a display panel configured to display an image, the
display panel including sensing lines; a data driver config-
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2

ured to supply a data voltage to data lines of the display
panel; and a sensing circuit configured to obtain a sensing
voltage through the sensing lines of the display panel after
reflecting a negative impedance value on the sensing lines,
the negative impedance value canceling impedance difler-
ences between the sensing lines.

In one embodiment, a method of driving a light emitting
display device, the method comprises: while a display panel
configured to display an image 1s turned ofl, generating a
negative impedance value that cancels impedance differ-
ences between sensing lines of the display panel; while the
display panel 1s turned on, obtaining a sensing voltage
through the sensing lines after retlecting the negative imped-
ance value to the sensing lines; and compensating the
display panel based on the sensing voltage.

In one embodiment, a light emitting display device com-
prises: a display panel including a plurality of pixels, a
plurality of sensing lines, and a plurality of data lines, each
of the plurality of sensing lines and each of the plurality of
data lines connected to a corresponding one of the plurality
of pixels; a data driver configured to supply data voltages to
the plurality of pixels, each of the data voltages supplied to
a corresponding one of the plurality of pixels via one of the
plurality of data lines that 1s connected to the corresponding
one of the plurality of pixels; and a deviation calibrator
configured to determine impedance differences between the
plurality of sensing lines and generate negative impedance
values for the plurality of sensing lines based on the deter-
mined mmpedance diflerences, wherein resistances of the
plurality of sensing lines are changed based on the negative
impedance values to cancel the impedance diflerences
between the plurality of sensing lines.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present mvention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this application, illustrate
embodiment(s) of the mmvention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 1s a block diagram illustrating a light emitting
display device according to one embodiment.

FIG. 2 1s a diagram illustrating the configuration of a
sub-pixel included i a display panel according to one
embodiment.

FIG. 3 1s a diagram illustrating the configuration of a
device related to a gate-in-panel (GIP) scan driver according
to one embodiment.

FIG. 4A and FIG. 4B are diagrams 1llustrating exemplary
layouts of the GIP scan driver according to one embodiment;

FIG. 5 15 a diagram 1illustrating a data driver according to
a first embodiment of the present disclosure;

FIG. 6 1s a diagram 1illustrating a sensing circuit according,
to the first embodiment of the present disclosure;

FIG. 7 1s a diagram 1illustrating a sub-pixel according to
the first embodiment of the present disclosure;

FIG. 8 1s a diagram 1llustrating a process of obtaining a
sensing voltage by using the sub-pixel illustrated in FIG. 7
according to one embodiment;




US 11,817,058 B2

3

FIG. 9 1s a diagram 1illustrating a function of a deviation
calibrator according to the first embodiment of the present

disclosure;

FIGS. 10 and 11 are diagrams illustrating a deviation
calibration method according to the first embodiment of the
present disclosure;

FIGS. 12 and 13 are diagrams illustrating the dif
between use and non-use of a deviation calibrator:

FIGS. 14 and 15 are diagrams illustrating the configura-
tion of a deviation calibrator according to a second embodi-
ment of the present disclosure;

FIG. 16 1s an exemplary circuit diagram 1illustrating a
negative impedance generator 1llustrated 1n FIG. 15 accord-
ing to the second embodiment of the present disclosure;

FI1G. 17 1s a detailed diagram 1llustrating the configuration
of a deviation calibrator according to a third embodiment of
the present disclosure;

FIG. 18 1s a diagram 1llustrating an exemplary operation
of the deviation calibrator according to the third embodi-
ment of the present disclosure;

FIGS. 19 and 20 are diagrams referred to for describing
a cause of fast sensing of a threshold voltage atter calibration
according to one embodiment; and

FIG. 21 1s a diagram 1llustrating simulation results of use
and non-use of a deviation calibrator according to the
present disclosure.

‘erence

DETAILED DESCRIPTION

FIG. 1 1s a block diagram illustrating a light emitting
display device, FIG. 2 1s a diagram 1illustrating the configu-
ration of a sub-pixel included 1n a display panel, FIG. 3 1s a
diagram 1llustrating the configuration of a device related to
a gate-in-panel (GIP) scan driver, and FIG. 4 1s a diagram
illustrating exemplary layouts of the GIP scan dnver,
according to one embodiment.

Referring to FIGS. 1 to 4, the light emitting display device
may include an 1mage supply 110, a timing controller 120,
a scan driver 130, a data driver 140, a display panel 150, and
a power supply 180.

The 1mage supply (or host system) 110 may output
various driving signals together with an image data signal
received from the outside or an 1image data signal stored in
an 1nternal memory. The image supply 110 may transmit the
data signal and the various driving signals to the timing
controller 120.

The timing controller 120 may output a gate timing
control signal GDC for controlling the operation timing of
the scan driver 130, a data timing control signal DDC for
controlling the operation timing of the data dniver 140, and
various synchronization signals (a vertical synchronization
signal Vsync and a horizontal synchronization signal
Hsync). The timing controller 120 may transmit a data signal
DATA received from the image supply 110 together with the
data timing control signal DDC to the data driver 140. The
timing controller 120 may be configured in the form of an
integrated circuit (IC) and mounted on a printed circuit
board (PCB), which should not be construed as limiting the
present mvention.

The power supply 180 may convert power received from
the outside to high-potential first power and low-potential
second power and output the high-potential first power and
the low-potential second power through a first power line
EVDD and a second power line EVSS, under the control of
the timing controller 120. The power supply 180 may
generate and output a voltage (e.g., a gate voltage including
a gate high voltage and a gate low voltage) required for
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driving the scan driver 130 or a voltage (e.g., a drain voltage
including a drain voltage and a half drain voltage) required
for driving the data driver 140.

The data dniver 140 may sample and latch the data signal
DATA 1n response to the data timing control signal DDC
received from the timing controller 120, and convert a
digital data signal to an analog data voltage based on a
gamma relerence voltage. The data driver 140 may supply
the data voltage to the sub-pixels included 1n the display
panel 150 through data lines DL1 to DLn. The data driver
140 may be configured in the form of an IC and mounted on
the display panel 150 or the PCB, which should not be
construed as limiting the present invention.

The display panel 150 may display an 1image 1n response
to the driving signal including the scan signal and the data
voltage, and the power. The sub-pixels of the display panel
150 directly emit light. The sub-pixels of the display panel
150 directly emit light. The display panel 150 may be
manufactured based on a rnigid or flexible substrate formed
ol a material such as glass, silicon, or polyimide. In addition,
the sub-pixels that emit light may be red, green, and blue
(RGB) sub-pixels or red, green, blue, and white (RGBW)
sub-pixels, which form pixels.

For example, one sub-pixel SP may be connected to a first
sensing line SIO1, a first data line DIL1, a first scan line GL1,
the first power line EVDD, and the second power line EVSS.
The sub-pixel SP may include a switching transistor, a
driving transistor, a capacitor, and an organic light emitting
diode. The sub-pixel SP may include a circuit for compen-
sating for deterioration of the organic light emitting diode
and the driving transistor that applies a driving current to the
organic light emitting diode, which will be described below.

The scan driver 130 may output a scan signal (or a scan
voltage) 1n response to the gate timing control signal GDC
received from the timing controller 120. The scan driver 130
may transmit the scan signal to the sub-pixels included 1n the
display panel 150 through scan lines GL1 to GLm. The scan
driver 130 may be configured in the form of an IC or may
be formed directly on the display panel 150 in a GIP manner.
The GIP scan driver 130 may include a shiit register 131
and a level shifter 135. The level shifter 135 may generate
one or more of clock signals Clks and a start signal Vst based
on signals received from the timing controller 120. The
clock signals Clks may be generated with K diflerent phases
(K 1s an 1nteger equal to or greater than 2) such as 2 phases,
4 phases, or 8 phases.

The shift register 131 may operate based on the signals
Clk and Vst received from the level shifter 1335 and output
scan signals Scan[1] to Scan[m] to turn on or off thin-film
transistors formed on the display panel 1350. The shiit
register 131 may be formed 1n the form of a thin film on the
display panel 150 1n the GIP manner.

The shaft register 131 may generally be disposed in a
non-display area NA of the display panel 150. The GIP scan
driver 130 may be disposed 1n leit and right non-display
arcas NA as illustrated 1n FIG. 4A or 1n upper and lower
non-display areas NA as illustrated 1in FIG. 4B.

While a first GIP scan driver 130q and a second GIP scan
driver 1306 are shown in FIGS. 4A and 4B as arranged
respectively 1n the left and right non-display areas NA or the
upper and lower non-display areas NA of the display panel
150, the first GIP scan driver 130a and the second GIP scan
driver 1315 may be arranged only 1n one of the left, nght,
upper, and lower non-display areas NA of the display panel
150. Further, the GIP scan driver 130 may be disposed
separately 1n a non-display area NA and a display area AA,
or may be distributed 1n the display area AA.
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Unlike the shift register 131, the level shifter 135 may be
configured as an independent IC or included in the power
supply 180. However, this configuration i1s merely an
example, and various configurations are available, such as
integration of one or more of the timing controller 120, the
scan driver 130, and the data driver 140 into one IC.

FIG. 5 15 a diagram 1illustrating a data driver according to
a first embodiment of the present disclosure, FIG. 6 15 a
diagram 1llustrating a sensing circuit according to the first
embodiment of the present disclosure, and FIG. 7 1s a
diagram 1illustrating a sub-pixel according to the {irst
embodiment of the present disclosure.

Referring to FIG. 5, the data driver 140 may include a
driving circuit 141 for driving sub-pixels SP1 to SP4 and a
sensing circuit 145 for sensing the sub-pixels SP1 to SP4.
The dniving circuit 141 may be connected to data channels
DCH1 to DCH4 to supply a data voltage to the sub-pixels
SP1 to SP4. The sensing circuit 145 may be connected to a
sensing channel SCH1 to sense the sub-pixels SP1 to SP4.

The first to fourth data channels DCH1 to DCH4 may be
connected respectively to first to fourth data lines DL1 to
DIL4. The first to fourth data lines DL1 to DL4 may be
connected respectively to the first to fourth sub-pixels SP1
to SP4. The first sensing channel SCH1 may be connected to
the first sensing line SIO1. The first sensing line SIO1 may
be connected commonly to the first to fourth sub-pixels SP1
to SP4.

The light emitting display device 1s shown and described
in FIG. 5 as implemented to share the first sensing line SIO1
among the four sub-pixels SP1 to SP4, by way of example,
which should not be construed as limiting the present
invention. In addition, while the sensing circuit 145 is
described as being included in the data driver 140 with
reference to FIG. 5, the sensing circuit 145 may be config-
ured independently.

Referring to FI1G. 6, the sensing circuit 145 included 1n the
data driver 140 may include a switch circuit 142, a sample
holder 144, a scaler 146, and an analog-to-digital (AD)
converter 148.

The switch circuit 142 may output a reference voltage
through the first sensing line SIO1 or perform a switching,
operation to sense a sub-pixel SP. The sample holder 144
may sample and hold a sensing voltage sensed from the
sub-pixel SP. The scaler 146 may scale the sampled sensing
voltage to a voltage range processible in the AD converter
148. The AD converter 148 may convert an analog sensing
voltage to a digital sensing voltage.

FIG. 6 1s merely an example taken for illustration and
description to help understanding of devices that may be
included 1n the sensing circuit 145 and their operations or
functions, and thus does not limit the present invention.
Further, the timing controller may receive the sensing volt-
age from the sensing circuit 143 and perform an operation of
compensating for deterioration of the sub-pixel SP based on
the sensing voltage.

Referring to FIG. 7, one sub-pixel SP may include a
switching transistor SW, a driving transistor DT, a sensing
transistor ST, a capacitor CST, and an organic light emitting
diode OLED.

The driving transistor DT may have a gate electrode
connected to a first electrode of the capacitor CST, a {first
clectrode connected to the first power line EVDD, and a
second electrode connected to an anode electrode of the
organic light emitting diode OLED. The capacitor CST may
have the first electrode connected to the gate electrode of the
driving transistor DT and a second electrode connected to
the anode electrode of the organic light emitting diode
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OLED. The organic light emitting diode OLED may have
the anode electrode connected to the second electrode of the
driving transistor DT, and a cathode electrode connected to
the second power line EVSS.

The switching transistor SW may have a gate electrode
connected to a first scan line GL1, a first electrode connected
to a first data line DL1, and a second electrode connected to
the gate electrode of the driving transistor DT. The sensing
transistor ST may have a gate electrode connected to the first
scan line GL1, a first electrode connected to the first sensing
line SIO1, and a second electrode connected to the anode
clectrode of the organic light emitting diode OLED.

The sensing transistor ST 1s a type of compensation circuit
added to compensate for deterioration (a threshold voltage
or the like) of the drniving transistor DT or the organic light
emitting diode OLED. The sensing transistor ST may enable
physical threshold voltage sensing based on a source fol-
lower operation of the drniving transistor DT. The sensing
transistor ST may operate to obtain a sensing voltage
through a sensing node defined between the driving transis-
tor DT and the organic light emitting diode OLED. The
sensing voltage obtained from the sensing transistor ST may
be transmitted to the sensing circuit 145 through the first
sensing line SIO1.

FIG. 7 1s merely an example taken for illustration and
description to help understanding of circuits that may be
included 1n a sub-pixel SP and their operations or functions,
and thus does not limit the present disclosure. Further, one
sub-pixel SP may be implemented to include P-type tran-
sistors mstead of N-type transistors, and may further include
a transistor that executes any other function.

For convenience, the following description 1s given in the
context of the sub-pixel SP illustrated in FIG. 7.

FIG. 8 1s a diagram 1llustrating a process of obtaining a
sensing voltage from the sub-pixel illustrated in FIG. 7, and
FIG. 9 1s a diagram 1illustrating a function of a deviation
calibrator according to a first embodiment of the present
disclosure.

Referring to FIG. 8, when the switching transistor SW 1s
turned on and a sensing data voltage 1s applied to the
capacitor CST, the driving transistor DT may operate as a
source follower. When the driving transistor DT 1s then
saturated, a sensing voltage Vsen charged in the source
clectrode of the driving transistor DT may be obtained
through the sensing transistor ST.

Because the sensing transistor ST 1s connected between
the source electrode of the driving transistor DT and the first
sensing line SIO1, the sensing voltage Vsen obtained from
the sensing transistor ST may correspond to a threshold
voltage of the driving transistor DT.

To obtain the sensing voltage Vsen used to determine
whether the driving transistor DT has been deteriorated in
the above manner, the driving transistor DT may have to
reach the saturation state. That 1s, when the driving transistor
DT reaches the saturation state, the sensing voltage Vsen
may be obtained. However, a long time may be taken for the
driving transistor DT to reach the saturation state. Moreover,
different impedance of each sensing line may cause a
sensing deviation, which 1s overcome as follows 1n the
present 1nvention.

Referring to FIG. 9, a deviation calibrator 160 may be
provided 1n the first embodiment of the present disclosure.
The deviation calibrator 160 may be included 1n the data
driver 140, for example. A deviation calibrator 160 may be
disposed at each of the first sensing line SIO1 to an n”
sensing line SIOn. The deviation calibrator 160 may
improve (eliminate or mitigate) the impedance deviation of
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each of the first sensing line SIO1 to the n” sensing line
SIOn and serve as a booster that increases the speed of
obtaining a sensing voltage as well.

The deviation calibrator 160 may perform a calibration
operation to improve an impedance deviation caused by the
difference between a resistance value R and a capacitance

value C of each of the first sensing line SIO1 to the n™
sensing line SIOn. The deviation calibrator 160 may detect
the capacitance value of each of the first sensing line S101
to the n” sensing line SIOn and cancel or reduce the
capacitance value C by the calibration operation, thereby
reducing RC load.

The deviation calibrator 160 performs calibration 1n a
search method 1n which a pulsed voltage at a specific level
is applied to each of the first sensing line SIO1 to the n™
sensing line SIOn and then a target voltage value (1mped-
ance oflset value) 1s detected. The pulsed voltage at the
specific level may be applied from the inside of the data
driver 140 including the deviation calibrator 160 or exter-
nally, for example, from the power supply.

The pulsed voltages may be set to voltage levels available
to cancel the capacitance values C of the first sensing line
SIO1 to the n” sensing line SIOn. One or more of the levels
of the pulsed voltages may be diflerent according to capaci-
tance diflerences (or impedance differences) among the first
sensing line SIO1 to the n” sensing line SIOn. The sensing
circuit including the deviation calibrators 160 may perform
the calibration operation 1n a flow 1illustrated 1n FIG. 10.

FIGS. 10 and 11 are diagrams illustrating a deviation
calibration method according to the first embodiment of the
present disclosure.

Referring to FIGS. 10 and 11, an impedance calibration
operation may be performed 1n order to improve the imped-
ance deviation of each sensing line (5110). The impedance
calibration operation may be, but not limited to, a binary
search method 1n which a process of discarding one part of
two parts and searching the remaining part to detect a target
voltage value 1s repeated. That 1s, the impedance deviation
between the different sensing lines 1s determined.

According to the binary search method, a process of
detecting a target voltage value between an mput pulse low
level voltage (IPL) and an mnput pulse high level voltage
(IPH) may be repeatedly performed (S120). Therefore, when
the target voltage value 1s detected (Yes), the procedure may
proceed to the next step, and otherwise (No), the procedure
may return to the previous step.

In the 1llustrated case of FIG. 11, when an input pulse of
a specific level 1s applied to a sensing line, a calibration
operation may be performed based on the binary search
method to detect a target voltage value. FIG. 11 1llustrates a
case 1n which a signal corresponding to a target voltage
value is detected through about three calibrations 1°° Cal. to
3" Cal. after a pulsed voltage at a specific level, Input Pulse
1s applied, which should not be construed as limiting the
present disclosure.

When the target voltage value 1s detected (Yes), a negative
impedance value may be set, with which the impedance
difference of each sensing line may be canceled based on the
target voltage value (5130). The negative impedance value
may mean a value with which to cancel the target voltage,
that 1s, a negative value (or oflset value) that cancels the
impedance deviation of each sensing line.

After all of the impedance deviations of the sensing lines
are canceled with the negative impedance value, a sensing
voltage may be obtained from each sensing line to detect the
threshold voltage of the driving transistor (S140). A com-
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pensation operation for compensating the threshold voltage
of the driving transistor may then be performed based on the
sensing voltage (S150).

FIGS. 12 and 13 are diagrams referred to for describing
the difference between use and non-use of the deviation
calibrator. The example of FIGS. 12 and 13 is based on the
assumption that the elements of sub-pixels are deteriorated
to the same level or are placed in an 1nitial state, 1n order to
describe the difference between use and non-use of the
deviation calibrator.

Referring to FIG. 12, after the impedance deviation of
cach sensing line 1s canceled by performing a calibration
operation 1n the deviation calibrator 160, the first sensing
lines SIO1 to the n” sensing lines SIOn are sensed. Then,
sensing voltages Vsenl to Vsenn obtained through the first
sensing line SIO1 to the N sensing line SIOn may be
detected at an almost equal level, such as
“Vsenl=Vsen2~Vsenn”. This 1s because the sensing has
been performed with the impedance deviation of each sens-
ing line canceled.

Referring to FIG. 13, without the calibration operation of
the deviation calibrators 160, the first sensing line SIO1 to
the n” sensing line SIOn are sensed. Then, some or all of the
sensing voltages Vsenl to Vsenn obtained through the first
sensing line SIO1 to the n” sensing line SIOn may be
detected at different levels, such as “Vsenl=Vsen2=Vsenn’.
This 1s because the sensing has been performed with no
impedance deviation of each sensing line canceled.

As noted from FIGS. 12 and 13, when the elements
included 1n the sub-pixels are deteriorated to the same level
or are 1n the initial state, the impedance deviation of each
sensing line may be reduced or canceled to increase sensing
accuracy.

FIGS. 14 and 15 are diagrams 1llustrating the configura-
tion of a deviation calibrator according to a second embodi-
ment of the present disclosure, and FIG. 16 1s an exemplary
circuit diagram 1illustrating the configuration of a negative
impedance generator illustrated 1n FIG. 15 according to the
second embodiment.

Reterring to FIG. 14, the deviation calibrator 160 accord-
ing to the second embodiment of the present disclosure may
be mcluded 1n the sensing circuit 145 and connected to the
first sensing line SIO1 through the first sensing channel
SCHI1. The deviation calibrator 160 may include a negative
impedance generator 161 for generating a negative imped-
ance value and an impedance calibrator 165 for controlling
the negative impedance generator 161.

Referring to FIG. 15, the negative impedance generator
161 and the impedance calibrator 165 may operate 1n
conjunction with each other to cancel an impedance devia-
tion caused by the diflerence between a total resistance value
R, . . and a total capacitance value C, . , of the SIO load of
a sensing line based on a negative impedance value -C, _ ..

Retferring to FIG. 16, the negative impedance generator
161 may include a capacitor C, transistors T1 to TS, and
variable resistors R1 and R2.

The capacitor C may have one end connected to the first
sensing channel SCH1 and a second electrode of the second
transistor 12, and the other end connected to a gate electrode
of the third transistor T3. The first transistor T1 may have a
gate electrode and a second electrode connected commonly
to a first electrode of the third transistor T3, and a first
clectrode connected to a first voltage line VDD. The second
transistor 12 may have a gate electrode connected to the first
electrode of the third transistor T3, a first electrode con-
nected to the first voltage line VDD, and a second electrode
connected to a first electrode of the fourth transistor T4.
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The third transistor T3 may have the gate electrode
connected to the other end of the capacitor C, the first
clectrode connected to the gate electrode of the first tran-
sistor T1, and a second electrode connected to a second
clectrode of the fifth transistor T5. The fourth transistor T4
may have a gate electrode connected to one end of the first
variable resistor R1, the first electrode connected to the
second electrode of the second transistor T2 and one end of
the second wvariable resistor R2, and a second electrode
connected to a first electrode of the transistor T5. The fifth
transistor TS may have a gate electrode connected to a
control line CSW, the first electrode connected to the second
clectrode of the third transistor T3 and the second electrode
of the fourth transistor T4, and the second electrode con-
nected to a second voltage line VSS.

The negative impedance generator 161 may generate a
negative impedance value by changing the resistance value
of at least one of the variable resistors R1 and R2 in response
to a control signal applied through the control line CSW. A
third embodiment will be described below by simplifying
the circuit of the negative impedance generator 161.

FI1G. 17 1s a detailed diagram 1llustrating the configuration
of a deviation calibrator according to the third embodiment
of the present disclosure, and FIG. 18 1s a diagram referred
to for describing an exemplary operation of the deviation
calibrator according to the third embodiment of the present
disclosure.

Referring to FIG. 17, the deviation calibrator 160 accord-
ing to the third embodiment of the present disclosure may
include a negative impedance generator 161 connected to
the first sensing channel SCH1 and an impedance calibrator
165 for controlling the negative impedance generator 161.

The negative impedance generator 161 may include a first
circuit 162 including a capacitor C1 and an amplifier AMP,
a second circuit 163 including a first resistor R1, and a third
circuit 164 including second resistors Ra to Rn and switches
SLL.1 to SLn and SR1 to SRa.

The amplifier AMP included 1n the first circuit 162 may
have a non-inverting terminal + connected to the first
sensing channel SCH1, an mverting terminal — connected to
one end of the first resistor R1 included in the second circuit
163, and an output terminal connected commonly to first
terminals of the switches SLL1 to SLn included in the third
circuit 164. The capacitor C1 included 1n the first circuit 162
may have one end connected to the first sensing channel
SCH1 and the other end connected to the output terminal of
the amplifier AMP.

The first resistor R1 included in the second circuit 163
may have the one end connected to the inverting terminal —
of the amplifier AMP included in the first circuit 162 and the
other end connected to the second voltage line.

The switches SL1 to SLn included 1n the third circuit 164
may have the first terminals connected commonly to the
output terminal of the amplifier AMP included 1n the first
circuit 162, and second terminals connected respectively to
one ends of the second resistors Ra to Rn. The other switches
SR1 to SRn included 1n the third circuit 164 may have first
terminals connected commonly to the inverting terminal — of
the amplifier AMP 1included in the first circuit 162, and
second terminals connected respectively to the other ends of
the second resistors Ra to Ra.

Third terminals (or control terminals) of the switches S11
to SLn and the other switches SR1 to SRn may be connected
to the control signal line CSW. The switches SLL1 to SLn and
the other switches SR1 to SRn may be turned on or off under
one or more different conditions in response to control
signals Csw applied through the control signal line CSW.
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Accordingly, the resistance value of the third circuit 164
may vary according to the connection states of the switches
SL.1 to SLn and SR1 to SRn and the second resistors Ra to
Rn. For convenience of description, the second resistors Ra
to Rn will be referred to shortly as the second resistor R2.

The impedance calibrator 165 may include a sampling
switch SAM, a tri-state comparator 166, and a controller
167.

The sampling switch SAM may have a first terminal
connected to the first sensing channel SCHI1, a second
terminal connected to an input terminal of the three-state
comparator 166, and a third terminal (or control terminal)
connected to the control logic 167. The sampling switch
SAM may perform a switching operation by turning on or
ofl 1n response to one of the control signals Csw output from
the control logic 167. When the sampling switch SAM 1s
turned on, the sampling switch SAM may obtain a voltage
value of the first sensing channel SCHI1 and transmit the
voltage value to the tri-state comparator 166.

The tri-state comparator 166 may compare the voltage
value received from the sampling switch SAM, a high
voltage value, and a low voltage value, and then output a
result value. The control logic 167 may generate and output
control signals Csw for controlling the negative impedance
generator 161 based on the result value recerved from the
tri-state comparator 166. The control logic 167 may output
the control signals Csw through the control signal line CSW
connected to the negative impedance generator 161.

Reterring to FIGS. 17 and 18, the deviation Cahbrator 160
may perform impedance cahbratlon during a turn-oil period
of the light emitting display device. Pulsed voltages IPH and
IPL of specific levels may be applied for the calibration
operation of the deviation calibrator 160.

The ligh voltage value IPH of the pulse voltages IPH and
IPL may be applied to the first terminal + of the tri-state
comparator 166, and the low voltage value IPL may be
applied to the second terminal — of the tri-state comparator
166. The voltage value (Input@SIO Line) Input received
from the sampling switch SAM may be applied to the third
terminal between the first terminal + and the second terminal
— of the tri-state comparator 166.

When the voltage value Input applied through the third
terminal of the tri-state comparator 166 1s greater than the
high voltage value IPH, the controller 167 may generate and
output control signals Csw to turn on switches related to the
second resistor R2. As 1illustrated 1n FIG. 17, since the
resistors Ra to Rn are connected in parallel 1in the second
resistor R2, the resistance value of the second resistor R2
may be lowered according to the number of turned-on
switches among the switches SLL1 to SLn and SR1 to SRn.

When the voltage value Input applied through the third
terminal of the tri-state comparator 166 1s greater than the
low voltage value IPL and less than the high voltage value
IPH, the controller 167 may generate and output control
signals Csw that may fix switches related to the second
resistor R2 to maintain the resistance value of the negative
impedance generator 161. When it 1s said that the resistance
value of the negative impedance generator 161 1s main-
tained, this may imply that a target voltage value (impedance
oflset) has been detected.

When the voltage value Input applied through the third
terminal of the tri-state comparator 166 1s less than the low
voltage value IPL, the controller 167 may generate and
output control signals Csw that may turn ofl switches related
to the second resistor R2 to increase the resistance value of
the negative impedance generator 161. As illustrated in FIG.
17, since the resistors Ra to Rn are connected in parallel 1n




US 11,817,058 B2

11

the second resistor R2, the resistance value of the resistor R2
may be increased according to the number of turned-off
switches among the switches SLL1 to SLn and SR1 to SRn.

Therefore, according to the present invention, as the
resistance value 1s changed by the operation of the devices
included in the negative impedance generator 161, a nega-
tive impedance value that cancels the impedance deviation
of the first sensing line SIO1 connected to the first sensing
channel SCH1 (with respect to the impedance of another
sensing line) may be generated. The impedance calibrator
165 may change the resistance value of the second resistor
R2 included 1n the negative impedance generator 161 so that
the resistance value may fall within 99% of a target voltage
value (impedance offset) based on the tri-state comparator

166 included 1n the controller 167.

As such, the deviation calibrator 160 may detect an
optimum resistance ratio to cancel the capacitance value of
the display panel 1 the above process. The optimum resis-
tance ratio detected 1n the above process may be applied to
a sensing channel which has been subjected to impedance
calibration during a sensing operation to compensate the
threshold voltage of the driving transistor 1n real time. For
every sensing channel for which a sensing operation 1is
performed to compensate the threshold voltage of the driv-
ing transistor i real time, the process of detecting an
optimum resistance ratio may be performed and the opti-
mum resistance ratio may be applied.

When a negative impedance value 1s generated and the
impedance deviation of each sensing line 1s canceled in the
above process, and the next sensing operation 1s performed,
the threshold voltage of the driving transistor may be
detected fast. A cause of the fast threshold voltage detection
will be described below.

FIGS. 19 and 20 are diagrams referred to for describing
a cause of fast sensing of a threshold voltage after calibra-
tion, and FIG. 21 1s a diagram illustrating simulation results
of use and non-use of a deviation calibrator according to the
present disclosure.

Referring to FIGS. 19 and 20, after the resistance value of
the second resistor R2 included 1n the negative impedance
generator 161 1s set to a specific value through the calibra-
tion process, the threshold voltage of the driving transistor
included 1n the first sub-pixel SP1 may be sensed through the
first sensing line SIO1 connected to the first sensing channel
SCHI.

In this process, voltage changes may occur to nodes in the
order of (B), (C), and (A) i the negative impedance
generator 161. It may be noted that the voltage value of node
(B) increases slowly because node (A) serves as a virtual
ground, as indicated by “(A) @Virtual ground”. Then, the
variation of the resistance value 1s retlected 1n node (C) as
indicated by “(B)*(1+R2/R1)”. Then, as the increment of
node (C) 1s transferred to node (A), node (A) 1s power-
boosted, as indicated by “Add C(V -V ,) Charge”.

Curve (a) in FIG. 21 illustrates a curve representing a
sensing voltage Vs sensed from a specific sub-pixel during
a sensing operation performed for real-time compensation of
the threshold voltage of a driving transistor, when the
deviation calibrator according to the present mvention is
turned ofl (not 1n use).

Curve (b) 1n FIG. 21 illustrates a curve representing a
sensing voltage Vs sensed from the specific sub-pixel during
the sensing operation for real-time compensation of the
threshold voltage of the driving transistor, when the devia-
tion calibrator according to the present disclosure 1s turned
on (1n use).
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As noted from FIG. 21, when the deviation calibrator
according to the present disclosure 1s used, the impedance
deviation of a sensing line may be canceled, and thus the
threshold voltage of the driving transistor may be detected
and compensated quickly. This 1s because the variation of a
capacitance value caused by element deterioration may be
pre-reflected and pre-compensated for i an impedance
calibration process, and a power boosting condition may be
satisfied for the sensing line as well.

As 1s apparent from the foregoing description, the present
disclosure may detect the capacitance value of each sensing
line and cancel the capacitance diflerence of the sensing line.
Further, the present invention may overcome the problem
that much time 1s taken to detect the threshold voltage of a
driving transistor due to the RC load of the sensing line. That
1s, according to the present disclosure, the threshold voltage
of the driving transistor may be detected within a short
period of time (approximately 110 times faster 1n a simula-
tion).

Further, because the deviations and variations of sensing
lines may be compensated for by impedance calibration 1n
cach turn-ofl period of the light emitting display device, the
present invention may increase sensing accuracy. Further, a
sensing voltage may be detected fast, and the resulting
compensation of the threshold voltage of the driving tran-
s1stor even during operation of the display panel may turther
increase the performance and lifetime of the display panel.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

What 1s claimed 1s:

1. A light emitting display device comprising:

a display panel configured to display an image, the display
panel including sensing lines;

a data driver configured to supply a data voltage to data
lines of the display panel; and

a sensing circuit configured to obtain a sensing voltage
through the sensing lines of the display panel after
reflecting a negative impedance value on the sensing
lines, the negative impedance value canceling imped-
ance differences between the sensing lines.

2. The light emitting display device according to claim 1,

wherein the sensing circuit comprises:

a plurality of negative impedance generators, each nega-
tive impedance generator disposed at a corresponding
sensing line from the sensing lines and configured to
generate the negative impedance value for the corre-
sponding sensing line; and

a plurality of impedance calibrators coupled to one of the
plurality of negative impedance generators, each
impedance calibrator configured to control the negative
impedance generator coupled to the impedance cali-
brator.

3. The light emitting display device according to claim 2,
wherein at least one of the negative impedance generators 1s
configured to generate the negative impedance value by
changing a resistance value of the sensing line.

4. The light emitting display device according to claim 3,
wherein the resistance value 1s changed according to con-
nection states of switches and resistors operating 1n response
to a control signal output from the impedance calibrator.

5. The light emitting display device according to claim 3,
wherein at least one of the impedance calibrator comprises:
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a sampling switch configured to perform a switching
operation to obtain a voltage value of a sensing channel
connected to the sensing line;

a tri-state comparator configured to compare the voltage
value received from the sampling switch, a high volt-
age value, and a low voltage value, and output a result
value; and

a controller configured to control the negative impedance
generator based on the result value received from the
tri-state comparator.

6. The light emitting display device according to claim 5,
wherein responsive to the voltage value received by the
tri-state comparator 1s greater than the high voltage value,
the controller 1s configured to output a control signal to
reduce a resistance value of the negative impedance gen-
erator.

7. The light emitting display device according to claim 3,
wherein responsive to the voltage value received by the
tri-state comparator 1s greater than the low voltage value and
less than the high voltage value, the controller 1s configured
to output a control signal to maintain a resistance value of
the negative impedance generator.

8. The light emitting display device according to claim 5,
wherein responsive to the voltage value received by the
tri-state comparator 1s less than the low voltage value, the
controller 1s configured to output a control signal to increase
a resistance value of the negative impedance generator.

9. A method of driving a light emitting display device
comprising;

applying one or more different pulsed voltages to sensing,
lines of a display panel included 1n the light emitting
display device;

determining 1mpedance deviation between the sensing
lines based on the application of the one or more
different pulsed voltages to the sensing lines;

generating a negative impedance value that cancels the
impedance deviation between the sensing lines of the
display panel;

applying the negative impedance value to the sensing
lines;

obtaining a sensed threshold voltage of a driving transis-
tor of the display panel through one of the sensing lines
alter applying the negative impedance value to the
sensing lines; and

compensating the threshold voltage of the driving tran-
sistor based on the sensed threshold voltage.

10. The method according to claim 9, wherein applying
the negative impedance value to the sensing lines changes a
resistance value of each sensing line.

11. The method according to claim 9, wherein determin-
ing the impedance deviation comprises obtaining a voltage
ol a sensing channel connected to each of the sensing lines,
comparing the voltage value, a high voltage value, and a low
voltage value, and the impedance deviation 1s determined
based on the comparison,

wherein the negative impedance value applied to the
sensing lines cancels the impedance deviation of the
sensing lines by changing a resistance value of a
negative impedance generator.

12. The method according to claim 9, wherein the nega-
tive impedance value 1s different between at least two of the
sensing lines.

13. A light emitting display device comprising:

a display panel including a plurality of pixels, a plurality

of sensing lines, and a plurality of data lines, each of the
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plurality of sensing lines and each of the plurality of
data lines connected to a corresponding one of the
plurality of pixels;

a data driver configured to supply data voltages to the
plurality of pixels, each of the data voltages supplied to
a corresponding one of the plurality of pixels via one of
the plurality of data lines that is connected to the
corresponding one of the plurality of pixels; and

a deviation calibrator configured to determine impedance
differences between the plurality of sensing lines and
generate negative impedance values for the plurality of
sensing lines based on the determined impedance dif-
ferences, wherein resistances of the plurality of sensing,
lines are changed based on the negative impedance
values to cancel the impedance diflerences between the
plurality of sensing lines.

14. The light emitting display device of claim 13, further

comprising;

a sensing circuit configured to sense a threshold voltage of
a transistor mncluded 1n at least one of the plurality of
pixels after the resistances of the plurality of sensing
lines are changed.

15. The light emitting display device of claim 13, wherein
the deviation calibrator comprises a plurality of deviation
calibrator circuits, each deviation calibrator circuit coupled
to a corresponding one of the plurality of sensing lines.

16. The light emitting display device of claim 15, wherein
at least one of the plurality of deviation calibrator circuits
COmMprises:

a negative impedance generator configured to generate the
negative impedance value for a sensing line from the
plurality of sensing lines, the sensing line connected to
the at least one of the plurality of deviation calibrator
circuits; and

an 1mpedance calibrator coupled to the negative imped-
ance generator, the impedance calibrator configured to
change the negative impedance value generated by the
negative impedance generator.

17. The light emitting display device of claim 13, wherein
the negative impedance generator comprises a plurality of
resistors connected 1n parallel and a plurality of switches
connected to the plurality of resistors, each of the plurality
of switches configured to connect or disconnect a corre-
sponding one of the plurality of resistors to the impedance
calibrator,

wherein a resistance of the sensing line 1s changed based
on a connection state of the plurality of switches and
the impedance calibrator.

18. The light emitting display device of claim 17, wherein

the impedance calibrator comprises:

a sampling switch configured to perform a switching
operation to obtain a voltage value of a sensing channel
connected to the sensing line;

a tri-state comparator configured to compare the voltage
value received from the sampling switch, a high volt-
age value, and a low voltage value, and output a result
value; and

a controller configured to control the negative impedance
generator based on the result value received from the
tri-state comparator.

19. The light emitting display device of claim 18, wherein
responsive to the voltage value received by the ftri-state
comparator 1s greater than the high voltage value, the
controller 1s configured to output a control signal to reduce
a resistance value of the negative impedance generator,

wherein responsive to the voltage value received by the
tri-state comparator i1s greater than the low voltage
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value and less than the high voltage value, the control-
ler 1s configured to output a control signal to maintain
a resistance value of the negative impedance generator,
and

wherein responsive to the voltage value receirved by the
tri-state comparator 1s less than the low voltage value,
the controller 1s configured to output a control signal to
increase a resistance value of the negative impedance
generator.

20. The light emitting display device of claim 14, wherein

the deviation calibrator 1s included in the data driver or the
sensing circuit.
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